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萃取率的影响；结果表明，采用 4 mL 乙醇萃取 0.03 g 菌体，并在 40 kpsi 压力下
破碎 4 次时，其虾青素萃取率 高可达 71.93%。在此基础上，对虾青素的萃取
相转移条件进行优化，结果表明采用 5 mL 乙醇萃取液与 4 mL 正己烷、5 mL 双
蒸水混合时，虾青素的相转移率可达 98.27%； 后，进一步对硅胶柱层析分离
纯化萃取相中的虾青素进行了研究，结果表明 佳分离条件为使用 20 g 100-200























































Astaxanthin, one kind of high-effective antioxidative and antiaging carotenoid, is 
well-known as "super vitamin E"and widely utilized in pharmaceuticals, cosmetics 
and health care fields. In order to meet the increasing market demand, it is very urgent 
to reduce the cost of astaxanthin production. Haematococcus pluvialis is the main 
soure of commercial astaxanthin currently. However, no special attention has been 
paid to evaluate the extraction of astaxanthin from Phaffia rhodozyma. On the other 
hand, the immune function of astaxanthin, as well as its related mechanisms has not 
been reported yet, though the physiological function of astaxanthin has been known 
gradually. To make astaxanthin an more important role in human health, it’s also 
necessary to reveal the immune mechanism of astaxanthin. 
Firstly, the separation and purification of astaxanthin from Phaffia rhodozyma 
were studied. High pressure homogenization was applied to disrupt the cell of Phaffia 
rhodozyma. The effects of pressure, cycle number and biomass dosage on cell 
disruption and astaxanthin extraction were investigated. It was found that the best 
astaxanthin extraction rate (71.93%) occurred when the pressure, cycle number and 
biomass dosage were 40 kpsi, 4 passes and 0.03 g dry biomass in 4 mL ethanol, 
respectively. To remove most of impurities from extraction, conditions on the phase 
transfer extraction of astaxanthin were investigated. The results showed that the 
highest phase transfer rate (98.72%) was obtained when using the mixed system 
composed of ethanol extract, hexane and water with the ratio of 5:4:5. Moreover, 
further separated and purified of astaxanthin from hexane extraction by silica gel 
column chromatography were studied. The results showed that the ultimate purity of 
astaxanthin could be up to 95.5%, and the optimal operation conditions were as 
follows: Filled the separation column with silica gel of 100-200 mesh, loaded with 8 
mL hexane extraction of which the astaxanthin concentration was 29.29 mg·L-1 at 
every turn, and collected astaxanthin with hexane-acetone (90/10, v/v) after eluting 
the premier 3 bands with hexane-acetone (95/5, v/v) at last.  
To evaluate the effect of astaxanthin on immune function, experiments in mice 
and rats were conducted. The immune organs indexes, macrophage phagocytic 















(low dose: 4 mg·kg-1·d-1, mid dose: 20 mg·kg-1·d-1, and high dose: 100 mg·kg-1·d-1). 
Compared with the control group, the antibody level in all treated groups (P<0.01), 
the spleen indexes in mid-dosage group (P<0.05), the thymus indexes and the 
phagocytosis indexes in both mid and high-dosage group (P<0.05) were significantly 
increased. The aging rats were made by injecting D-gal into abdominal cavity 
continually, and the empact of gavaging astaxanthin on the immune organ indexes and 
morphology were observed. The results showed that the thymus index of aging model 
rats was significantly raised (P<0.01) by gavaging astaxanthin, and the cell injury of 
liver, thymus and spleen induced by D-galactose was obviously improved. This study 
demonstrated astaxanthin can enhance nonspecific immunity and humoral immune 
function, which laid a foundation for study on immune mechanism of astaxanthin. 
Finally, in order to clarify the immune mechanism of astaxanthin, rats serum of 
four groups were further analysed by proteomics. The effects of different methods for 
high-abundance proteins removal from rats’ serum were detected by one-dimensional 
gel electrophoresis. The results showed that the best way to eliminate high-abundance 
proteins was to use the Bio-rad serum albumin clean-up kit. Moreover, the 
differentially expressed proteins of both normal rats and aging model rats after 
lavaging astaxanthin were analysed by LC-MS/MS. It was found that Alpha-crystallin 
B chain, extracellular matrix protein-1, Ras-related protein Rab-27B and Kininogen-1 
protein were down-expressed, while complement factor properdin and complement 
component 8 were up-expressed. These results indicated that the immune-enhancing 
mechanism of astaxanthin probably related to inhibiting the proliferation of malignant 
cell, activating the function of T cells in immune system, and enhancing alternate 
activating pathway of complements of immune system in the early period of infection. 
 
























图 1.1 虾青素的结构式 





的 大吸收波长为 λmax=489 nm，乙醇中 λmax=478 nm，丙酮中 λmax=480 nm，二






























图 1.2 虾青素顺反异构体结构图：全反式、9-顺、13-顺 
Fig. 1.2 Structures of cis and trans isomers of Astaxanthin: all-trans, 9-cis, 13-cis  
 
虾青素分子中 3 位 C 和 3’位 C 是两个手性碳原子，因此虾青素存在 3 种立
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